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Twenty-four  sirota-resolved  a  lit  spectra  of  lightning  taken  In  1966 
are  presented,  one  of  which  la  also  the  first  apace-resolved  slit  spectrum 
of  a  return  stroke. 

These  split  spectra  unambiguously  show  that  the  lightning  return- 
otroks  channel  is  a  strotj  continuum  source  and  that  the  continuum  Ob¬ 
served  in  the  siltless  spectra  In  196$  Is  real  and  not  the  result  of  line 
radiation  scattered  from  natural  backgrounds  such  as  clouds,  haze,  or 
rain.  _ 

Reduced  slit  and  slitless  light  nlm  spectra  now  available  indicate 
differences  among  strokes,  both  in  continuum  shape  and  relative  line  In¬ 
tensity.  Far  mast  strokes  the  continuum  can  he  fitted  by  a  straight  11ns, 
and  the  measured  3900-  to  69OO-A  continuum  ratio  varying  between  1.3  end 
2.4  can  he  explained  by  an  optically  thin  bremsstrahlung  source  with 
electror  temperatures  between  18,000  and  50, 000°K.  Sene  strokes  have  a 
ratio  larger  than  2,4,  and  may  be  Intermediate  between  optically  thick 
and  thin,  since  at  a  given  electron  temperature  this  ratio  becomes  larger 
as  the  source  becomes  optically  thicker.  Other  continue  cannot  he  fitted 
by  a  straight  line,  and  soma  of  these  agree  with  pub  lie  bad  result#.  The 
spectrum  near  3914  i  is  essentially  continuum, 

A  bland  of  HIT,  01,  and  OH  multiple ta  near  4830  k  la  much  stranger 
far  slit  spectra  than  for  slltlese,  but  all-sly  photometric  data  show 
that  this  feature  is  variable.  Turtle raore,  the  intensity  of  multlplets 
between  4000  and  4250  I  agrees  with  slit  less  spectra  for  same  strokes, 
while  far  others  it  is  much  stronger.  These  variations  ladicato  real 
differences  in  the  data  sample,  not  instrumental  effects. 

TOe  average  width  at  half-  intensity  is  tbs  seas  for  slit  and  slit- 
lass  spectra  for  all  strong  line  fe  stores  except  Ha.  One  possible  ex- 
planstlon  is  that  tbs  channel's  electron  density,  which  determines  Stark 
broadening  of  Ha,  aursregsd  twice  as  large  in  the  1965  study  as  in  1966. 


Another  possibility,  suggested  by  the  apece-resolved  epectnm,  In  that  In 
sods  of  the  slltlcas  spectra  the  observed  Ha  line  width  was  partly  due  to 
Its  space  profile.  In  agreement  with  slitless  spectra,  the  Ha  line  Is 
generally  maker  for  first  than  for  subsequent  return  strokes,  and  the 
ratio  of  Nil  to  NI  radiation  and  the  slope  of  the  continue  iirl.'cate  a 
higher  temperature,  on  the  average,  for  first  return  strokes. 

For  those  strokes  those  contlnuus  Is  fitted  veil  by  a  straight  line, 
the  5 000- 1  blend  of  HU  Multiple ta  looks  like  a  good  lightning  discrimi¬ 
nant  for  Vela  system-.  For  strokes  whose  corrtlnuuu  drops  strongly  from 
4000  to  $400  X  and  rises  again  at  longer  wavelengths,  it  seems  less  feasi¬ 
ble.  A  quantitative  treatment  c f  the  best  channel  for  discrimination  must 
be  delayed. 

The  space-resolved  spectrum  shows  that  the  time-  and  wavelength- in¬ 
tegrated  brightness  of  the  line  radiation  from  three  strong  line  features 
at  4630,  5000,  and  5680  X,  and  of  the  total  visible  light,  falle  to  half 
central  brightness  ~  8  meters  from  the  channel  center ,  while  6563  %  lino 
radiation  falls  to  half  central  brightness  In  ~  34  maters  and  Is  above 
inatninent  threshold  out  to  ~  IPO  meters .  Quins  Ion  at  such  largs  dis¬ 
tances  must  be  caused  by  lateral  coronc  currents.  This  was  an  unusual 
stroke,  and  dimensions  of  all  other  strokes  were  too  small  to  be  resolved. 


I.  INTRODUCTION 

Durlig  data  reduction  of  stroke-resolved  silt- 
leas  lightning  spectra1  obtained  as  part  at  the  1965 
ARP  A- ABC  Joint  lightning  study  at  Jos  Alamos,  the 
question  arose  whether  what  appeared  to  be  contizann 
in  tte  alitleas  spectre  might  not  be  dim  largely  to 
light  scattered  free  clouds,  rain,  and  aerosol  near 
the  channel.  An  attempt  was  made  in  the  a  none r  of 
1966  to  answer  this  question.  The  lens  and 
grating  spectrograph  used  far  the  slitless  spectros¬ 
copy  and  described  earlier1  was  operated  with  a  ver¬ 
tical  entrance  silt  at  the  focus  of  the  objective 
lens  and  with  a  90°  Image  rotator  In  front  of  the 
objective  lens.  With  this  arrangement  a  vertical 
lightning  channel  Is  Imaged  horizontally  across  the 
vertical  entrance  silt.  If  there  Is  no  light  scat¬ 
tered  near  the  channel,  and  If  the  channel  diameter 
is  unresolved  by  the  objective  lens,  that  part  of 
the  channel  Imaged  on  the  entrance  slit  acts  as  a 
pinhole  entrance  aperture  and  Its  spec  trim  is  dis¬ 
played  as  a  horizontal  line  In  the  film.  If,  how¬ 
ever,  a  significant  amount  of  light  Is  scattered  or 
emitted  on  either  aide  of  the  channel,  than  the 


spectrun  of  this  light  is  displayed  above  and  below 
the  spectrum  Of  the  channel  core. 

Hundreds  of  stroke-resolved  slit  spectra  cf 
lightning  were  obtained  in  the  summer  of  1966  by 
this  technique,  but  only  24  were  Judged  suitable  for 
reduction  and  reported  here.  Only  one  of  the  24  had 
sufficient  light  scattered  or  emitted  near  tte  chan¬ 
nel  to  give  an  exposure  allowing  spatial  resolution 
of  this  light. 

U.  STROKE-RESOLVED  SLIT  SIECTROSCODf  OF  LIGHTNING 
A.  Apparatus 

The  spectrograph  used  is  the  H4(B  lens  and 
grating  spectrograph2  with  a  film-aperture  ratio  of 
f/2.8  and  a  dispersion  of  90  X/m.,  A  9O0  imags  ro¬ 
tator  made  of  two  glass  prisms  was  placed  In  front 
cf  the  objective  lens  to  Image  tte  vertical  light¬ 
ning  channel  horizontally  across  tte  vertical  en¬ 
trance  slit.  Tte  spectrograph's  horizontal  field 
cf  view  was  l6°.  The  spectra  taken  on  September  7, 
1967  were  obtained  using  a  2CXXy  entrance  alit  (this 
corresponds  to  >-  6.5  X  In  tte  film  plans);  for  all 


other  spectra  the  slit  width  was  100  |j.  The  width 
at  half-intensity  for  lines  of  a  mercury  source  was 
5  ±  1  X  (the  entrance  slit  width  wae  100  4,  and  the 
densitometer  slit  width  was  25  |f).  To  improve  the 
signal- to- noise  ratio  In  the  lightning  spectra,  they 
were  deneltcmetered  with  a  silt  125-n  wide,  giving 
an  instrumental  width  of  -  10  X  tar  the  reduced 
spectra.  Eastman  Kodak  2 4(5  film  was  used. 

The  spectrograph  calibration  was  determined  at 
50-i  Intervals.  The  calibration  and  method  of  data 
reduction  have  been  described  earlier.1 

B.  Results  and  Z/Iauusslou 

1,  Reduced  spectra  -  The  24  spectra  are  pro. 
eanted  In  FlgB.  1  through  2k,  at  the  end  cf  this  re¬ 
port.  Hie  abscissa  In  each  case  Is  wavelength  In 
Angstrans,  end  the  ordinate  is  time- Integrated  flux 
(erg/A  cm2)  at  tbs  entrance  slit.  Tl:ls  flux  emanstes 
fran  a  vertical  leigth  of  channel  specified  In  the 
figure  caption.  Each  spectrum  Is  corrected  for  air 
and  water  vapor  transmission,  but  It  was  not  possi¬ 
ble  to  correct  far  rain  transmission. 

2.  Continuum  shape  -  The  continuum  level  Is 
reasonably  easy  to  determine  between  4500  and  (3*00  X, 
but  for  same  spectre  It  is  difficult  to  say  whether 
there  are  strong  bunpa  In  the  continuum  between  4000 
and  4300  X  and  between  6400  and  67OO  l,  or  whether 
these  bunpa  cue  due  to  a  high  density  of  overlapping 
lines.  There  is  no  correlation  between  the  presence 
or  absence  of  these  bunps  and  the  magnitude  cf  the 
flux  at  the  entrance  pupil  which  would  Indicate  an 
instrumental  effect  or  error  in  calibration. 

Between  6400  and  67OO  X  the  strongest  Identified 
lines  are  Ha  and  NI  (20,  21,  22,  31),  as  can  be  seen, 
for  example,  in  Fig.  7  (count  32,  scan  3).  The  lines 
are  sharp,  and  there  is  no  ^imp.  However,  Figure  5 
(count  32,  scan  1),  which  has  about  the  same  contln- 
uun  level  (4500  to  6400  X),  shows  a  bump  in  this 
wavelength  region.  If  the  bucp  Is  due  to  the  same 
lima,  they  must  have  become  exceedingly  diffuse. 
Orville's  tine-resolved  spectra3  show  that  the  Ha 
feature  can  be  extremely  broadened  by  the  Stark 
effect  In  the  first  few  microseconds  at  a  return 
stroke,  and,  since  the  quartet- quartet  HI  transi¬ 
tions  are  alao  strongly  broadened  by  the  Stark  af¬ 
fect,  It  la  conceivable  that  in  the  early  time  his¬ 
tory  at  the  stroke  these  lloas  could  be  strongly 


broadened  and  produce  the  observed  bmp. 

To  appreciate  the  problem  cf  determining  the 
continuum  level  between  4000  and  4300  X,  consider 
again  Figs.  5  through  7  which  are  spectra  of  three 
return  strokes  cf  one  flash.  If  the  level  cf  the 
continuum  were  drawn  Just  below  the  obvious  lisa 
feat  ires ,  then  In  Fig.  5  there  would  be  a  sharp  rise 
in  the  continuum  near  4300  X  and  a  sharp  drop  again 
near  4000  Xj  in  Fig,  7,  the  rise  and  drop  of  the 
continuum  in  this  came  wavelength  range  are  not  so 
sharp,  and  In  Fig.  6  there  la  a  question  whether  the 
continuum  really  rises  quickly  at  4300  X  and  drops 
sharply  at  4000  X,  or  rises  gradually  fran  4600  to 
~  4100  X  with  a  strong  absorption  feature  near  4300  X 
(there  Is  a  well-documented  but  unidentified  atmos¬ 
pheric  absorption  feature  at  ~  4300  X  which  has  been 
dbserved  by  Rus.  jan  workers) . 4,8 

Strong,  sharp,  200-  or  300-X-wlde  bumpe  in  the 
continuum  are  difficult  to  explain  theoretically,  as 
are  absorption  bands  that  are  strong  in  oce  stroke 
cf  a  flash  and  absent  fran  the  next  stroke.  It  would 
be  meet  satisfying  to  conclude  that  the  bumps  are  due 
to  lines,  but  there  may  also  be  theoretical  problems 
for  this  conclusion,  since  the  ratio  of  the  total 
energy  radiated  by  NH  (12,  40,  30,  65,  42,  33,  and 
48)  to  that  radiated  by  Nil  (3)  la  only  -  2  av 
20,000°K,  or  -  6  at  40,000°K,  and  the  ratio  off  the 
total  energy  radiated  by  NI  (10,  b,  4,  and  5)  to 
that  by  HI  (20)  is  ~  8.3  at  10,000%  or  ~  6.6  at 
40,000%  It  la  therefore  Impassible  to  account  for 
the  bump  quantitatively  in  all  cases  by  considering 
only  the  HI  anl  MCI  species. 

A  large  fraction  of  the  spectra  can  be  closely 
fitted  by  a  straight  line  if  the  strong  bu -ps  dis¬ 
cussed  above  are  attributed  to  line  radiation.  The 
shape  of  the  continuum  for  these  strokes  Is  then  In 
agreement  with  Chat  reported  in  LA- 3754,  and  can  be 
explained  by  a  bremestrahlung  source.  For  electron 
temperatures  between  18,000  and  28,000%  optically- 
thin  bremsatrahlung  continuum  has  a  fairly  linear 
wavelength  dependence  throughout  the  visible,  with  a 
3900-  to  6900-X  continuum  ratio  of  ~  1.3  at  18,000% 
and  ~  1.8  at  28,000%  Even  at  electron  temperatures 
as  high  aa  50,000%  the  visible  continuum,  although 
becanlng  slightly  concave,  can  be  fitted  oy  a 
straight  line  to  within  10$,  and  the  3900-  to  69OQ-X 
continuum  ratio  la  ~  2.4,  Larger  ratios  result  at  a 
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given  electron  temperature  au  tiie  source  becomes 

optically  thicker. 

There  arc  spectra  (see  Figs.  8,  19 .<  21) 

which  are  not  -  simply  explained  in  terms  of  breme- 
atrahlurg  radiation.  Their  continuum  falls  so  fast 
fra*  4000  to  5500  A  ttet  it  must  be  assured  that  the 
early  high  tempura ture  phase  of  the  channel  was  in¬ 
termediate  between  op*  lcally  thin  and  thick,  while 
the  rise  in  the  continuum  towards  longer  wavelengths 
could  be  due  to  emission,  either  of  long  duration 
cr  at  higher  than  normal  electron  densities,  late 
in  the  channel  history  when  electron  temperature  had 
dropped  below  11,000°K. 

The  continuum  spectru'  agreement  for  slit  and 
slitleas  spectra  is  good.  Hie  baft  agreement  is 
between  the  first  return  stroke  (slitleso  spectrum) 
of  run  40,  count  171,  1965,  and  the  first  return 
stroke  (slit  spectr_a)  of  count  76,  September  7, 

1966.  For  these  two  strokes,  even  the  line-to- 
continuum  ratio  is  about  the  same ,  although  there 
is  a  slightly  different  intensity  distribution 
among  tie  lines.  As  for  the  1965  spectra,  the  con¬ 
tinuum  generally  falls  off  more  quickly  from  blue 
to  red  for  first  return  strokes  than  for  subsequent 
return  strokes,  indicating  a  higher  temperature  for 
first  return  strokes  in  moat  esses. 

The  spectra  have  been  compared  with  contlnuun 
spectra  publi.lad  by  Orville  and  Uaan,®  and  certain 
ctf  their  continue  are  fexind  to  agree  with  spectre 
shown  here  in  Figs.  5,  8,  9,  17,  19,  and  21  except 
that  in  a  few  casee  their  continuum  at  500°  A  la  too 
large  far  agreement.  Itany  spectra  presented  here 
have  continual  which  is  too  linear  throughout  the 
visible  to  agree  with  Orville  and  liman's  results, 
and  they  have  a  few  strokes  whose  continuum  is  too 
strongly  peaked  tear  4000  A  to  agree  with  my  results, 
but  this  is  probably  due  to  differences  in  data 
sample. 


5.  L*nc  features  -  The  blend  of  NH,  01,  and 
Oil  multlpletu  near  4630  A  is  mv  stronger  for  the 
1966  sample  of  flashes  tten  for  1965*8  sample,  but 
data*  taken  with  l60°  field  of  view  photoelectric 
detectors  operated  by  EGuO  during  the  19^5  auaner 
otuiy  also  indicate  that  this  feature  is  variable 
fran  ntrr'  to  stroke  and  frem  storm  to  stana. 
Furthermore,  Salarave  et  al.  have  shown  that  far  a 
given  stroke,  the  relative  intensity  of  this  fea¬ 
ture  varies  along  the  height  of  the  channel,7  The 
blervl  of  multiplets  between  4000  and  4250  A  agrees 
with  slltiesu  spectra  for  sane  strokes,  while  for 
otriers  it  is  much  stronger.  These  variations  in¬ 
dicate  real  differences  in  the  data  sample  and  are 
non  instrunental  effects. 

Hie  question  wno  raised  in  LA-3754,  whether 
scattering  or  light  emission  close  to  the  channel 
could  result  in  apparently  broader  .lines  far  slit- 
less  spectra.  The  half-width  (width  at  half-inten¬ 
sity)  has  been  measured  for  a  number  of  line  fea¬ 
tures,  and  the  average  lialf -width  and  mean  deviation 
are  listed  in  Tfeble  I  for  slit  and  slitless  spectra. 
Tie  “verags  half-width  agrees  within  the  mean  de- 
1  lotion  far  all  lines  except  Ho  lire  sonant 

scattering  cannot  explain  this  difference,  snd  one 
possible  explanation  in  that  Stark  broadening  was 
larger  for  the  sample  of  3  lit  lest,  spectra  than  for 
tie  slit  spectra.  A  tabulation  of  Stark-broadened 
line  profiles  for  lydrogen0  shows  that  a  factor  of 
two  difference  in  electron  density  can  acccauvt  for 
the  difference  in  line  width.  Another  possible  ex¬ 
planation,  suggested  by  the  results  aa  the  space- 
resolved  spectrum,  is  that  in  seme  of  the  slitless 
spectra  the  observed  lb  line  width  was  partly  due 
to  its  space  profile.  As  in  spectra  fran  1965,  the 
Si  line  is  generally'  weaker  for  first  return  strokes 
than  for  subsequent  return  strokes,  and  tho  ratio  of 
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Not  yet  published. 
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Table 

Average  .elf-widths  of  Line  Features  for  Slitless  and  Slit  Spectra 


Wavelength  of  feature  (l) 

?»? 

5000 

5680 

5940 

6158 

6478 

6f6) 

6644 

Slitless  Hi  If -width  (A)* 

9±2 

17*3 

1312 

19*4 

28*5 

20*3 

2f±? 

22±? 

Slit  Half -width  (A)* 

8*1 

15  ±2 

16*4 

19*2 

24*4 

lSd£ 

22*4 

* 


Not  corrected  far  lnetnznental  width 


NU  to  NI  radiation,  which  la  a  measure  of  the  degree 
of  excitation,  la  large?  for  first  than  for  subse¬ 
quent  return  strokes. 


epee  trim  In  Fig.  ?2  corresponds  to  a  densitometer 
trace  made  along  the  dart  central  part  of  the  spa  ce¬ 
re  solved  flpectnan.  other  •-  nsitemeter  tracings  were 
cede  at  50-M  Intervale  on  both  aides  of  the  first, 
out  to  200  y.  There  is  actually  exposure  out  to 
100  |j,  but  thet  beyond  200  became  too  poor  to 
yield  good  spectra.  This  exposure  la  not  due  to  time 
smear,  because  two  photoelectric  channels  f'it  3914 
and  6363  X)  whose  field  of  vlaw  Included  ~  200  meters 
gT  tAs  lightning  cteBBsl  liillcstc  tbst  t>h©  Intensity 
of  the  channel  rase  and  decayed  two  decades  In  about 
300  to  600  n  jec.  The  channel  would  have  had  to  ra¬ 
diate  for  -  16  msec  If  the  exposure  were  due  to 
time  smear.  Furthermore,  It  Is  not  due  to  overex¬ 
posure,  since  other  spectra  cf  greater  exposure  do 
not  show  this  effect.  The  expoo’>re  la  therefore 
due  to  light  emitted  or  scattered  either  aide  of  tie 
center  of  the  vertical  channel. 

The  apparent  brightness  28  meters  fran  the 
channel  center  Is  orders  of  magnitude  greater  than 
would  bn  expected  far  light  scattered  a It  her  from 
heavy  rainfall  or  from  a  cloud  behind  the  channel. 
Furtfcermo.-o,  the  strong  change  In  shape  of  the 
continuon  at  points  away  from  the  channel  center 
indicates  that  the  scatterere  or  reflecting  surface 
are  dispersive.  I  must  therefore  conclude  that 
there  le  strong  light  emission  frcm  points  as  far 
as  31  meters  from  the  channel  center,  and  that  at 
6363  X  the  apparent  brightness  Is  above  threshold 
out  to  -  1°0  asters. 

The  time-  and  wavelength-integrated  brightness 
of  all  visible  light  (all  line  plus  continuum  radi¬ 
ation  be -ween  3900  and  69OO  X  except  the  Ha  line) 
emitted  by  the  channel  falls  off  exponentially  as  a 
function  of  distance  fran  channel  center  out  to 
approximately  31  meters,  at  which  point  it  still 
decreases,  but  quite  slowly,  A  similar  dependence 
was  found  for  atomic  line  emission  U  three  strong 
line  features  at  4830,  5 000,  and  3680  X,  and  in  all 
four  casaa  tie  brightness  dropped  to  half  the  chan¬ 
nel  center  brightness  in  ~  G  meters.  However,  the 
time-  and  wavelength- integrated  brightness  of  the 
Hx  line  has  an  exponential  dependence  out  to  at 


least  62  mtsrt,  and  has  dropped  to  half  central 
brightness  In  -  34  makers. 

The  fact  that  the  half-width  of  the  spatial 
brightness  profile  la  four  tlmea  larger  far  da  them 
far  the  other  emission  lines  or  far  th»  total  visi¬ 
ble  light  can  also  explain  the  difference  In  Ill  line 
width  for  the  a lit  and  slitlaaa  spectra. 

the  continuum  for  the  channel  care  can  be  fit¬ 
ted  very  well  by  a  straight  line  throughout  the  vis¬ 
ible  except  far  a  slight  bunp  In  the  vicinity  of  Ifo. 
At  -  13  mater*  fran  channel  center,  however,  the 
cantlaium  has  a  strong,  broad  bmp  peaking  near 
4730  X  and  another  peaking  between  65 00  and  6700  X. 
There  are  m lnlma  at  -  3700  and  4130  X  with  a  rising 
continuum  at  wavelengths  shorter  than  4130  X.  The 
shape  of  the  continuum  for  the  t  hovel  core  can  be 
explained  In  terms  of  bremestrahlung  radiation,  but 
I  presently  have  no  physical  Interpretation  far  the 
shape  of  tie  continuum  at  points  off  channel  center. 

I  can  only  conclude  th-t  the  emission  at  such 
great  distances  must  be  excited  by  a  lateral  flew  of 
current  between  the  lightning  channel  and  highly 
charged  air  surrounding  it.  To  demonstrate  the 
plausibility  of  this.  Fig.  23  shows  an  enlarged 
photograph  of  a  lightning  flash  froe  the  1>65  study 
(count  393  of  run  30).  It  was  taken  at  night  using 
a  red  filter  (~  5OQ-A  half-width,  peak  at  ~  6350  X) 
In  front  of  a  63-mn,f  A  lane.  The  range  was  meas¬ 
ured  as  13.4  km  by  photographic  trlangulatioa.  The 
main  channel  jo  tween  cloud  and  ground  Is  *»  2. 4- tan 
long.  There  era  many  branches  off  the  main  channel 
loto  the  surrounding  air,  indicating  that  the  air 
van  highly  charged.  The  width  of  these  branch 
strokes  indicates  the  resolution  limit  of  the  camera 
The  main  channel  to  ground  consists  of  a  bright  care 
wbosa  diameter  la  also  unresolved  by  the  camera,  and 
a  broad  emitting  region  whose  diameter  varies  frcm 
»  130  maters  near  the  cloud  to  ~  200  meters  near  the 
ground.  The  uniformity  cf  the  brightness  in  this 
region  leads  me  to  conclude  that  the  emission  la  due 
to  a  carorx-type  discharge. 

lateral  corona  currents  were  first  discussed 
by  Bruce  and  Golds0  to  explain  observations  of  elec¬ 
tric  field  changes,  and  have  boon  -rested  mathemat¬ 
ically  by  Pierce10  and  by  Rao  and  Bhattachaiya.11 
The  tins  history  of  such  phenomena  Is  about  one  to 
a  few  milllsac  so  that  little  or  no  time  uaear  would 


be  expected  ir  tie  record  for  count  91,  and  the 
syntnetry  af  the  exposure  indicates  that  ttiere  was 

no  time  smear. 

In  the  d  is  cubs  lone  of  lateral  corona  currents 
Just  mentioned,  the  current  is  said  to  urain  away 
charge  deposited  along  thi  path  of  the  stepped 
leader,  and  the  di-reter  oi  stepped  leaders  has 
been  reported  to  vary  between  1  and  10  meters.12 
B»e  emission  120  meters  from  the  cliannel  must  there¬ 
fore  be  caused  by  draining  away  of  charge  which  was 
not  deposited  In  the  air  ty  the  stepj»>i  Jt-ader. 

The  fact  that  the  Ifa.  emission  becomes  so  much 
stronger  relative  to  the  rest  of  tie  siectrtmi  is 
also  consistent  with  a  corona  current  excitation 
process,  for  it  Is  well  known  that  water  drops  In 
high  electric  fields  (f>lda  that  would  exist  be¬ 
tween  the  channel  care  aid  the  surrounding  sy  ce 
charge)  give  off  a  corona  discharge. 13-15  Hiis  dis¬ 
charge  at  the  surface  of  the  drop  could  produce  large 
quantities  Of  iydroger.  even  when  the  temperature  be. 
came  too  low  to  excite  MI  or  bremsstrahlur®  contin¬ 
ue  radiation. 

IK.  CONTIlEIDfE 

lh  LA. 3754  it  was  concluded  that  the  image  of 
the  lightning  channel  at  the  entrance  aperture  did. 
Indeed,  act  as  an  entrance  slit,  and  that  tie  con- 
tlnmxn  seen  hy  the  slitless  spectrograph  wns  there- 
for  truly  cuntinoia.  He  slit  spectra  uvutbiguous- 
ly  show  thav  the  lightning  channel  lb  a  strong  con- 
tinuun  source  and  that  the  spectrum  tear  3914  l  is 
essentially  continuum.  Furthermore ,  ■  onsidering 
only  thooe  strokes  frcm  1966  which  gave  good  spectra, 
only  one  In  24  gave  significant  exposure  at  distances 
cf  one  resolution  limit  beyond  the  channel  center. 

For  23  of  ihe  24,  the  channel  image  at  the  entrance 
aperture  would,  'ndeed,  have  acted  as  an  entrance 
slit  If  this  spectrograph  had  been  operated  In  a 
8litia?r.  u/jde.  There  are,  however,  storms  such  as 
run  30  of  the  1965  lightning  study  In  which  a  large 
fraction  of  the  flashes  photographed  show  strong 
emission  cut  to  large  distances  either  side  of  the 
main  channel,  and  a  great  deal  of  nening  of  the 
maim  ^ sra«.l  l,.;o  toe  highly  charge  air.  For  such 
stoma  the  awstaaptlon  that  the  channel  Image  acts 
as  an  entronee  slit  might  not  be  valid.  However 


pictures  of  ihe  i.'6>  I  lashes  for  whi«-h  spectra  were 
obtained  show  little  channel  branching  and  no  emis¬ 
sion  about  the  unresolved  channel  core,  80  the  as¬ 
sumption  must  be  considered  valid. 

The  larger  sample  of  reduced  lightning  spectra 
now  available  indicates  differences  in  the  spectrum 
of  lightning  for  different  strokes,  both  in  the 
shape  01'  the  continuum  and  in  the  relative  intensity 
tlie  .  inec.  Die  width  of  the  Ha.  line  was,  on  the 
average,  larger  for  the  1963  olitlecs  spectra  than 
for  the  196b  slit  spectra.  This  1s  possibly  due  to 
a  factor  'if  two  difference  in  electron  density  in 
the  volume  emitting  Ha,  or  pert  af  the  width  af  the 
line  might  have  been  due  to  a  spatial  profile  in  ihe 
case  af  the  slitless  npectra. 

Agreement  lias  also  been  found  between  the  con¬ 
tinuum  of  a  few  strokes  and  a  few  af  the  results 
publiclied  by  Orville  and  Uraan.8  Many  of  the  strokes 
have  a  continuum  that  can  be  fittea  well  by  a 
straight  line  and  can  therefore  he  explained  in 
terms  of  r  bicr..ssl.rahlung  a  our  re .  In  some  cases  the 
large  V90O-  to  u900-/,  contim-mi  ratio  suggests  that 
tic  ccn  muia  is  interred  late  between  optically  thin 
and  thick. 

Ibc  space-resolved  lightning  spectrum  shows 
strong  volume  emission  out  to  -  30  meter3  from  the 
channel  core,  and  in  the  vicinity  of  In  this  emission 
is  above  the  instrumental  tiireshold  out  to  -  120 
meters.  Thin  emission  has  been  attributed  to  excit¬ 
ation  by  lateral  corona  currents. 

Since  a  qualitative  discussion  was  presented  in 
LA- 3754  regardlig  tic  feasibility  of  using  a  narrow 
channel  at  5000  i  for  lightning  discrimination  for 
Vela  Sierra  de  jetiou  systems,  a  caranent  about  the 
bearing  of  tne  slit  spectra  on  this  problem  is  ap¬ 
propriate.  The  slit  spectra,  whose  continuum  can  be 
fitted  by  e  straight  line  and  for  which  the  blend  of 
lines  between  4000  and  4250  A  is  of  weak  to  moderate 
ctrergth,  are  very  similar  to  the  slitless  spectra. 
Consequently,  for  these,  a  20-A-vide  discrimination 
channel  centered  on  the  blend  af  Nil  multiplets  near 
5000  A  may  be  as  good  01  better  a  discriminant,  uidcr 
a  variety  of  storm  and  background  light  conditions, 
than  one  at  either  4150  or  656  l.  Far  the  slit 
sppetro  for  which  the  biend  of  lines  between  4000 
and  4250  k  is  strong  or  for  which  the  continuim  drops 
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steeply  from  4000  k  toward  loiter  vave lengths ,  a 
5000- A  cherursl  will  not  be  so  much  batter  than,  and 
nay  not  be  so  good  as,  a  4150.  or  6563-A  channel. 
However,  a  quantitative  treatment  of  the  best  chan¬ 
nel  far  discrimination  must  be  delayed  for  presen¬ 
tation  in  another  report.1® 
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Fig.  2.  Flux  at  spectrograph  entrance  pupil  from  ~  6- me  ter  lei^th  of  channel,  uncorrected  for  rain 
transmission.  Subsequent  return  stroke. 
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Pig.  9.  Flux  at  spectrograph  entrance  pupil  from  ~  20-meter  length  at  channel,  uncorrected  for  rain 
transmission.  First  return  stroke. 
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Fig.  10.  Flux  at  spectrograph  entrance  pupil  from  ~  16-meter  length  of  channel,  unconnected  for  rein 
transmission.  First  return  stroke. 
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Fig.  11.  Flux  at  epectrogrsph  entrance  pupil  frcm  ~  l6-meter  length  of  channel,  uncorrected  for  rein 
trcneir  lesion.  Subsequent  return  stroke. 
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Flux  at  spectrograph  entrance  pupil  from  ~  16-meter  length  of  channel,  uncorrected  for  rain 
transmission.  Subsequent  return  stroke. 
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Fig.  13.  I'lux  at  spectrograph  entrance  pupil  fran  ~  16-neter  length  af  channel,  uncarrecced  for  rain 
transmission.  Subsequent  return  stroke. 
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Fig.  lA.  Flux  at  spectrograph  entrance  pupil  fran  ~  1 6- me  ter  leiyjth  of  channel,  uncorrected  for  rain 
transmission.  Subsequent  return  stroke. 
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Fig.  15.  FIuk  at  spectrograph  entrance  pupil  froo  ~  16-meter  length  ctf  channel,  uncorrected  for  rain 
tra  deals  s  Ion.  Subsequent  return  stroke. 
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Pig.  20.  Flux  at  spectrograph  entrance  pupil  from  ~  1 6- raster  length  of  channel,  uncorrected  for  rain 
transmission.  First  return  stroke. 
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Flux  at  spectrograph  entrance  pupil  free  ~  <&-meter  length  at  channel,  uncorrected  for  rain 
transmission.  First  return  stroke. 
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fig.  24.  Flux  at  spectrograph  entrance  pupil  from  ~  21-neter  length  at  channel,  uncorrected  for  rain 
transmission.  First  return  stroke. 
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Fig.  Count  593,  3 ten  50  rf  the  196$  lightning  study. 


